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Device for cooling power electronics 



Field of the invention 

The invention concerns a device for cooling power electronics, in particular 
power electronics for controlling an alternator or alternator/starter on a motor 
vehicle. The inventions finds applications in the field of power electronics. It 
can be applied to the power electronics of motor vehicles. In particular it can 
apply to DC/DC converters for motor vehicles. 



In a motor vehicle, the alternator converts a rotation movement of the inductor 
rotor, driven by the thermal engine of the vehicle, into an electric current 
induced in the stator windings. 

At the present time there exist reversible alternators which can constitute an 
electric motor for driving the thermal engine of the vehicle in rotation via the 
shaft of the rotor. Such a reversible alternator is called an alternator/starter. 
It converts mechanical energy into electrical energy and vice versa. Thus an 
alternator/starter can start the engine of the motor vehicle and constitute an 
auxiliary motor assisting the thermal engine of the vehicle to drive the said 
motor vehicle. 

The alternator, or alternator/starter, of the vehicle is partly controlled by power 
electronics, which can form a power module separate from the alternator and 
connected to the latter by means of electric cables. 

In general, this power module (like the majority of power modules present in a 
vehicle) comprises at least one power electronics component brazed or 
bonded to a substrate. This substrate can be a substrate of the DBC type 
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(Direct Bonded Copper, in English terms). Such a substrate comprises three 
layers: a first layer consists of an etched metal track forming the electrical 
connections of the circuit, a second intermediate layer is a plate of electrically 
insulating material such as a ceramic, and a third layer is a metal plate 
5 consisting of copper or nickel-plated copper. The assembly consisting of the 
DBC substrate and the power electronics component is in its turn brazed to a 
copper plate, forming a mechanical support and heat dissipater. 

The substrate can also be of the IMS type (Insulated Metal Substrate). In this 
10 case, the ceramic plate is replaced with a resin plate able to support a first 
layer consisting of a very fine metal copper track. The third heat dissipation 
layer can, in this case, consist of an aluminium metal plate. 

The metal plate, made from aluminium for the IMS substrate and copper for 
15 the DBC substrate, comprises a cooling phase intended to be put in contact 
with air cooling means, generally external to the power module. 

These cooling means are generally a dissipater with fins placed under the 
power module. The ambient air that circulates between the fins of this 

2 0 dissipater ensures the cooling of the power module. However, this ambient 

air may be heated, for example, by the various surrounding elements and 
circuits which also diffuse heat. Such air cooling means may also have 
insufficient cooling capacity, in particular when the power module generates 
high power and consequently dissipates a great deal of heat. 

25 

Disclosure of the invention 

The aim of the invention is precisely to remedy the drawbacks of the art 
disclosed above. To this end, it proposes a device for cooling power 

3 0 electronics, for example intended for managing or controlling an alternator or 

an alternator/starter, by the circulation of a liquid in a cooling circuit situated 
under the power electronics, this liquid being able to be water or a liquid 
dedicated to cooling. 
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To this end, the invention concerns a device for cooling power electronics 
comprising a support plate on which the power electronics are mounted, 
characterised in that it comprises a circuit for cooling by the circulation of a 
liquid, mounted under the support plate. 

5 

The invention is advantageously supplemented by the following various 
characteristics, taken alone or in all their possible combinations: 

- the cooling circuit comprises a liquid inlet channel, a liquid outlet channel 
10 and channels for the circulation of liquid between the inlet channel and the 

outlet channel; 

- the cooling circuit comprises deflectors situated in the liquid circulation 
channels. 

15 

These deflectors guide the fluid properly in the channels and thus reduce 
pressure drops. These deflectors also improve the cooling by increasing the 
heat exchange surfaces. 

2 0 - The cooling circuit comprises turbulators distributed in the liquid circulation 
channels in order to improve further the cooling; 

- the channels of the cooling circuit are produced by pressing a first metal 
plate, which constitutes a simple and economical way of producing a cooling 

2 5 device, this device being able to comprise a complex network of channels, 

deflectors and turbulators. In addition, producing the cooling channels by 
pressing makes it possible to obtain a lightweight cooling device; 

- the cooling circuit is fixed under the support platform by brazing. Thus the 

3 0 cooling channels are produced by a simple brazing operation; 

- the cooling circuit comprises a second metal plate fixed between the support 
plate and the first metal plate. This second plate thus makes it possible to 
easily increase the thickness of the support plate. The second metal plate is 
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flat, brazed to the first metal plate; 

- the cooling circuit comprises a metal manifold connected to the cooling 
circuit; 

5 

- the metal is aluminium; 

- this device is assembled by brazing. 

10 The invention also concerns a method for manufacturing this power 
electronics cooling device. This method is characterised by the fact that it 
comprises the following operations: 

- producing a cooling circuit by pressing a first metal plate, 

15 

- brazing the cooling circuit to a support plate for the power electronics, and 

- brazing at least one inlet and outlet manifold for the cooling liquid. 

2 0 Brief description of the drawings 

Figure 1 depicts the power electronics of an alternator with a cooling device 
according to the invention. 

2 5 Figure 2 depicts the cooling circuit of the device of the invention. 

Figure 3 depicts an example of a pressed plate of the cooling circuit of figure 
2. 

30 Figure 4 depicts the joints between the cooling liquid inlet and outlet manifold 
and the cooling circuit. 

Figure 5 depicts an example of a cooling device of the invention in an 
exploded view. 
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Figure 6 depicts the cooling device of figure 5 in a perspective view. 
Detailed description of embodiments of the invention 

5 

Figure 1 depicts an example of a power electronics circuit for an alternator or 
alternator/starter mounted on a cooling device according to the invention. In 
the example in figure 1, the power electronics, or power module, is referenced 
9. These power electronics 9 can comprise for example a substrate of the 
10 DBC type on which there are mounted one or more integrated circuits 90. 
These integrated circuits 90 can be connected for example to discrete 
components such as capacitors 92. The connection can be made, for 
example, by connection wires 93 (wire bonding, in English terms) or by means 
of conductive tracks 91 , referred to as buss bars. 

15 

The power electronics assembly 9 is fixed to a support plate referred to as the 
support plate 21. 

Naturally the power module 9 depicted in this figure 1 is only one example of 
2 0 a power module. Other power modules can of course be mounted on the 
support plate 21 of the cooling device of the invention. In general terms, the 
power electronics can be mounted on the support plate in the same way as on 
a dissipating plate of the prior art. 

2 5 Figure 1 shows the power electronics 9 mounted on the cooling device of the 

invention. This cooling device, referenced 20, comprises the support plate 21 
on which the power electronics 9 are mounted and fixed. It also comprises a 
cooling circuit 22 situated under the support plate 21. The cooling circuit 22 
comprises a pressed plate 23, or first plate, which comprises channels 

3 0 intended for the circulation of a cooling liquid such as water. This pressed 

plate is positioned under the support plate 21. In fact it is the pressed plate 
itself that forms, through its pressing patterns and through the bottom face 21 i 
of the support plate 21, the water circulation channels. In this way, the 
circulation of the cooling liquid on this pressed plate 23 and consequently 
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under the plate 21 supporting the power electronics cools the power 
electronics. 

As has just been stated, the cooling liquid can be water. In the remainder of 
5 the description water cooling will be spoken of. Naturally, however, it is 
possible to use, in the device of the invention, all known cooling fluids. 

Figure 1 shows that the cooling device of the invention also comprises at least 
one water inlet and outlet manifold 27. This manifold 27 makes it possible 
10 respectively to introduce and discharge the water from the cooling circuit 22. 

Figure 2 shows, in more detail, the cooling device of the invention. As seen 
previously, the cooling device 20 of the invention comprises a support plate 
21 on which the power electronics to be cooled are mounted. In the 
15 embodiment in figure 1 the cooling circuit 22 placed directly under the support 
plate 21 has been shown. 

In one embodiment of the invention, the cooling circuit 22 comprises, in 
addition to the pressed plate 23, a second plate 24 fixed above the pressed 
2 0 plate 23. This second plate 24 is flat, fixed under the support plate 21 . In this 
case, the flat plate 24 is connected to the bottom face 21 i of the support plate 
21 by a technique that can be identical to the technique of connecting the 
pressed plate 23 with the flat plate 24 described below. 

2 5 The assembly consisting of the support plate 21 and the flat plate 24 forms a 

sole plate for the power electronics. This second intermediate plate 24, 
placed between the support plate 21 and the pressed plate 23, gives a 
support plate of greater thickness. It could be envisaged having several 
intermediate plates. The assembly consisting of the support plate and the 

3 0 intermediate plate or plates 24 constitutes a support plate on which on one 

side the power electronics to be cooled are mounted and on the other side the 
cooling device for the power electronics is placed. This second plate also 
carries the manifolds as described below. 
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According to one embodiment of the invention, the pressed plate 23 is fixed to 
the flat plate 24 by brazing. The reference 26 represents the brazing joints 
used for assembling the pressed plate 23 and the flat plate 24 by brazing. In 
the embodiment in figure 1, the pressed plate 23 is connected directly to the 
5 support plate 21, by a brazing technique. This brazing technique consists of 
assembling two plates made from the same material, for example aluminium, 
separated by a plating layer, or brazing join, deposited on one of the plates. 
These two plates are then heated in an oven at the melting temperature of the 
plating. The plating layer, in the case where the two plates to be brazed are 

10 aluminium, is also made from aluminium but has a melting point less than that 
of the two plates to be connected. This plating layer, here made from 
aluminium, is deposited according to a co-lamination technique on one face of 
at least one of the two plates to be brazed, this face being opposite to the 
other face to be brazed. The plating being of the same material as the two 

15 plates to be connected, there is no addition of a thermal barrier, which makes 
it possible to obtain good thermal conductivity. 

The absence of an intermediate plate 24, according to this technique of 
brazing by means of co-laminated plates, co-laminated plate being a plate 
2 0 provided with its plating, then either the support plate 21 has plating on its 
bottom face or the pressed plate 23 has plating on its top face. 

The support plate 21 and the flat plate 24 can have different thicknesses. 
Likewise, the thickness of the pressed plate 23 can be different from that of 
25 the flat plate 24 and the support plate 21 . 

The support plate can be produced by a single metallic plate with a thickness 
of around 1 to 10 mm. It can also be produced from several assembled 
plates, for example by brazing as described above. 

30 

Each of the plates, flat plate or pressed plate, can itself be produced from 
several assembled plates, for example by brazing. 

The pressed plate 23 has a thickness of around 0.5 to 3 mm. The top face of 



the pressed plate, that is to say the plate that is assembled with the support 
plate 21 or flat plate 24, can serve as an addition of material during assembly 
by brazing. This addition of material consists of the plating in contact with the 
other plate or support to be brazed. 

5 

In other words, the parts of the pressed plate which do not form the channels 
28 are in direct contact with the flat plate 24 or support plate 21. These parts 
in contact form the brazing joint 26. 

10 Advantageously, the pressed plate 23 and flat plate 24 are produced in a 
metal material such as aluminium. Aluminium has the advantage of having 
good heat conductivity. It thus enables the device of the invention to have a 
good exchange coefficient. 

15 Like the plates 23 and 24, the support plate 21 can be produced from a metal 
material, for example aluminium. Producing the whole of the cooling device 
from the same material which is a good conductor of heat allows better 
propagation of the heat from the support plate 21 as far as the pressed plate 
23. In other words, a single-material device makes it possible to obtain better 

2 0 conduction of heat. 

As can be seen in figure 2, the pressed plate 23 forms, by means of its 
pressing patterns, water circulation channels. Examples of these channels 
are referenced 25a and 25b. These channels constitute sealed pockets of 
2 5 water, the water in these pockets being in permanent movement. The sealing 
of these pockets 23 and 24 and, more generally, the sealing of the cooling 
circuit is provided by the brazing joints 26, the thickness and surface area of 
which have a direct influence on the resistance to pressure. 

30 The size and number of channels are determined so as to optimise the 
exchange coefficient between the support plate 21 and the cooling circuit 22. 
Likewise, the speed of the water in the channels is chosen so as to optimise 
this exchange coefficient. This is because, in the invention, it is proposed to 
modify the speed of the water by inserting, in the circulation channels, 
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guidance deflectors 31 which on the one hand guide the water in the channels 
and on the other hand modify the water flow rate in these channels. It is thus 
possible to optimise the speed of the water in the cooling circuit 22. 

5 Figure 3 depicts an example of a pressed plate 23. In this example, the water 
circulation channels are referenced 28. They can correspond approximately 
to the channels 25a and 25b shown in figure 2. The pressed plate 23 
comprises, in addition to the water circulation channels 28, a water inlet 
channel 29 and a water outlet channel 30. The water inlet channel 29 
10 introduces water into the channels 28 and the water outlet channel 30 
discharges water out of the channels 28. Thus the water enters the cooling 
circuit 22 through the inlet channel 29 and then travels through the circulation 
channels 28 as far as the outlet channel 30. 

15 The channels 28 can comprise deflectors 31 forming guide rails for the water. 
Guiding the water in the channels reduces pressure drops and in particular 
drops through change of direction due in particular to the bends in the 
channels. Moreover, the presence of these deflectors increases the area of 
contact between the water and the pressed plate 23, which increases the 

2 0 cooling capacity of the device. 

The water circulation channels 28 preferably have constant cross sections in 
order to avoid pressure drops. They may also comprise turbulators 32. 
These turbulators are small elements inserted in the channels 28 in order to 

2 5 create turbulence, that is to say water movements. They may be produced by 
means of small elements of various shapes such as small peaks or small 
holes placed in the channels. These turbulators increase the turbulence of 
the water through two effects: either through the passage of the water through 
holes, or through the passage of the water through narrow grooves. Then an 

30 acceleration is obtained in the circulation of the water. This turbulence has 
the advantage of offering a better exchange coefficient between the water and 
the cooling circuit and therefore more rapid cooling of the power electronics. 

The turbulators 32, like the deflectors 31, are preferably produced at the time 
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of pressing of the pressed plate 23, that is to say they are produced at the 
same time as the channels 28, 29 and 30. 

Figure 4 depicts by way of example a detail of the cooling device of the 
5 invention. More precisely, the manifold 27 which provides the admission and 
discharge of the water in the cooling circuit 22 has been shown. This 
manifold 27 is a kind of metal tube, for example made from aluminium, fixed 
to the ends of the water inlet 29 and outlet 30 channels. This manifold 27 is 
placed perpendicular to the cooling circuit 22 and more precisely to the 
10 pressed plate 23. 

The manifold 27 is mounted for example on the cooling circuit 22 in the 
following way: 

15 - the manifold is first of all connected to the sole plate formed by the support 
plate 21 and/or the flat plate 24, by tight mounting or light crimping; 

- it is then brazed so as to be integral with the cooling circuit 22. 

2 0 The manifold 27 can be brazed at the same time as the brazing of the 
pressed plate 23 by the use of plating situated on the top face of the plate 24. 

In the case where the cooling device does not have any flat plate 24, the 
manifold 27 is then fixed directly to the support plate 24, for example by 
2 5 means of a brazing bead. 

A brazing ring 33 can also be provided between the manifold and the sole 
plate in order to provide an even better seal for the assembly. 

30 Figure 5 depicts an exploded perspective view of an example of a cooling 
device of the invention. This figure 5 shows the various plates forming the 
cooling device, in particular the support plate 21, the flat plate 24 and the 
pressed plate 23. According to the embodiment in figure 5, the manifold 27 
has a water inlet manifold 27a and a water outlet manifold 27b, parallel to 
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each other. These two manifolds 27a and 27b are mounted on the flat plate 
24. When the various plates are assembled, the manifolds 27a and 27b are 
introduced, respectively, into the orifices 21a and 21b of the support plate 21. 
The pressed plate 23 is then placed under the flat plate 24 so that the 
5 manifold 27a is opposite the inlet channel 29 of the pressed plate 23 and the 
manifold 27b is opposite the outlet channel 30 of the pressed plate 23. 

Figure 6 depicts the embodiment of the cooling device of the invention in 
figure 5, when the various plates are assembled as explained above. There 
10 can therefore be seen, in this figure 6, the support plate 21 assembled with 
the flat plate 24 and the pressed plate 23. The inlet manifold 27a passes 
through the orifice 21a in the support plate 21 and the outlet manifold 27b 
passes through the orifice 21b in the said support plate 21, allowing 
respective connection to external water inlet and water discharge pipes. 

15 

In the absence of an intermediate plate 24, the assembly depicted in figures 5 
and 6 is identical except that the manifolds are mounted on the support plate 
21. 

2 0 In a variant of the invention, the manifold 27 can be in a single piece with a 
water inlet and a water outlet. In this case, the shape of the water inlet and 
outlet channels of the pressed plate 23 is adapted to receive and discharge 
the water from/through this piece. 

2 5 In another variant of the invention, the manifold 27 can comprise several 
water inlet manifolds and/or several water outlet manifolds. 

For easier integration of the various elements on the support plate 21 and in 
particular for the insertion of the power electronics 9, the various parts to be 
30 assembled can be punched in advance, that is to say marked with a punch of 
chosen shape. This punch may for example be an orifice 40 with a particular 
diameter or shape. This punch creates a mechanical mark on each piece. 
Thus, by superimposing the punches of each piece, for example by means of 
flanges passing through these aligned orifices of each plate, it is then certain 
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that the pieces are correctly superimposed. This punching thus makes it 
possible to centre the pieces with respect to one another, in particular during 
the brazing operation. 

This punching can be carried out at the same time as the piercing of orifices 
intended for the mounting of the electronic module or modules 9 in the 
support plate 21. This is because, in order to fix the electronic module 9 in 
the cooling device, it is necessary to pierce orifices in at least part of the 
cooling device in order to make it possible to fit therein positioning spikes 
present under the electronic module, or to allow the passage of fixing screws 
for the electronic modules. These orifices can be produced either in the 
support plate 21 or in the sole plate 21/24, or in the whole of the cooling 
device. It is the latter case that is shown in figures 5 and 6, where the orifices 
are referenced 40. The choice of the piercing of one or more plates of the 
cooling device is made according to the thickness of each of the plates and 
support plate. 

Carrying out such a punching may make it possible to avoid carrying out 
expensive additional machining after brazing of the device. 

The cooling device that has just been described can be fabricated with a 
brazing technique. In this case, 

- first of all a cooling circuit 22 is produced by pressing a first metal plate in 
order to obtain a pressed plate 23, 

- a manifold 27 is fixed to a flat plate 24, 

- the flat plate 24 is placed on the pressed plate 23, 

- a support plate 21 is placed on the flat plate 24, 

- these three plates are assembled and are inserted in an oven where the 
temperature is raised to the required melting point. 
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It should be noted that a plating layer was previously deposited by co- 
lamination on at least one of the plates in order to allow fusion between the 
plates, in pairs. For example, a plating layer is disposed on the bottom face of 
the support plate 21 and on the bottom face of the flat plate 24 in order to 
ensure fusion between respectively the support plate 21 and the flat plate 24 
and between the flat plate 24 and the pressed plate 23. 

In another embodiment, for example only the intermediate plate 24 has plating 
on both faces. 

Preferably, the top face of the support plate 21 , that is to say the face that is in 
contact with the power electronics, is devoid of any plating in order to 
guarantee a better surface finish, after brazing. 

The brazing of the pressed plate 23 on the flat plate and the brazing of the flat 
plate on the support plate can be carried out simultaneously, as explained 
previously. Likewise, the manifold 27 can be brazed on the cooling circuit 22 
at the same time as the brazing of the plates 23 and 24. The brazing can 
however be carried out in several steps, for practical reasons. 

The brazing of the various plates of the cooling device of the invention makes 
it possible to obtain metallurgical continuity, and therefore thermal continuity, 
between these various plates. 

In addition, the brazing technique, on a material such as aluminium, makes it 
possible to obtain a cooling device that is relatively lightweight compared with 
current devices. 

The cooling device of the invention can also be produced by techniques other 
than brazing, for example by screen printing of the patterns of the cooling 
circuit on a metal plate, for example made from aluminium. It then consists of 
assembling this screen-printed plate with a flat plate and a support plate and 
laminating the assembly by means of a laminator. Finally, the screen-printed 
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plate is put under pressure, for example with compressed air routed through 
the manifold 27, so that the non screen printed areas of the screen-printed 
plate separate from the flat plate, thus forming the water circulation channels. 

5 Other techniques for producing the cooling device of the invention can also be 
envisaged. 



